Abstract-A novel gradient-based inverse scattering method for imaging inhomogeneous objects from time-domain data of only total electric field is presented. Unlike most inverse scattering methods, the proposed method does not require the explicit information of the incident field illuminating a region of interest. Numerical simulations demonstrate the effectiveness of the method.
INTRODUCTION
Most inverse scattering methods assume the knowledge of incident fields illuminating an region of interest [1] - [3] . We have proposed an inverse scattering approach which does not require the information of the incident field [4] . The approach uses both total electric and magnetic fields data. We have also reported reconstruction from only total electric field data using an generic algorithm (GA) as an optimization method [5] . Due to the computational complexity, GAs are not suitable for the reconstruction of complex and/or inhomogeneous objects.
In this paper, we consider the imaging of inhomogeneous objects. A gradient-based optimization is applied to the inverse scattering analysis using only total electric field data. Numerical simulations are carried out to show the effectiveness of the method.
II. DIRECT PROBLEM
Let us consider the scattering problem where an region of interest is illuminated by the incident field produced by an impressed electric current J which is turned on at the time t = 0.
A. Original Scattering Problem
The total electromagnetic fields v=[E, ηH] are the solution of the following problem: ( ) For more details, please refer to [6] .
B. Equivalent Probelm
The original problem is equivalent to the following interior boundary value problem whose solution
] is identical to v of the original problem (1) in the interior region Ω bounded by the observation surface ∂Ω where the total electric field E of the original problem is measured:
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C. Time Reversal Problem
By time-reversing the measured data of total electric field E on the observation surface ∂Ω, a time reversal problem where the time-revered field
] is equivalent to v of the original problem in the interior region Ω is set up provided that the measurement duration time T is long enough for the fields in the interior region Ω to be negligibly small after the time T. The time-revered field v tr is the solution of the following boundary value problem:
final condition: ( , ) , 
III. INVERSE SCATTERING PROBLEM
Let us consider the imaging problem of the electrical parameter profiles of objects of interest from the recorded data of the total electric field on the observation surface ∂Ω. Note that the equivalent field and the time-reversed field is the same as the original total field generated by the impressed current J placed exterior to the surface ∂Ω if and only if the medium in Ω is the same as the original one. Using this fact, we reduce the inverse scattering problem considered here to the optimization problem minimizing the following cost functional: v are, respectively, the equivalent total field and the time-reversed total field for an estimated parameter p due to the mth illumination.
We will minimize the functional (5) by the conjugate gradient method. Following a similar way in the reference [6] , 
IV. NUMERICAL RESULTS
In order to asses the proposed method, numerical simulations of reconstructing two-dimensional lossless dielectric objects are carried out. In the simulations presented here, the primary source is a z-directed line current source ( ) I t z = J with the time factor ( )
where ( Fig. 1(a) ). It's relative permittivity has a sine-like profile with maximum value 2: 
The reconstructed result after 500 iterations is shown in Fig.1(b) . This shows that the proposed method gives an accurate reconstruction.
The second example is the reconstruction of two different rectangular cylinders as shown in Fig. 2(a) . The relative permittivity, size, and center location of each cylinder are , respectively. The reconstructed result after 500 iterations is shown in Fig. 2(b) . Again, it can be seen that the proposed method is very effective. 
